Introduction
In studying the scattering of radar signals, fading plays an important role. Fading, in the case of any coherent signal, is caused by the constructive and destructive interference of the signal components reflected by individual scatterers within a resolution cell. Thus,the phenomenon of fading will be a function directly dependent on the target being studied.
This fading, or fluctuation, observed in the rodar return introduces a significant complication in studying the scattering properties of a particular target. Making a single instantaneous measurement of scattered power will introduce errors since there are no means by which we can determine how much fading is indeed toking place. Thus it is necessary to make a number of measurements which can then be averaged to reduce&fading effects.
The phenomenonof fading appears in most radar studies and its effect produces a certain amount of uncertainty in the measurements being made. In the case of an imaging radar, the effect of fading is to cause speckle in the image. But it has been shown that even when very little overaging is performed by the imaging system, the eye-brain system performs an adequate amount of averaging when viewing a radar image1. In detection radar systems, the problem of determining the probability of deecting a fading target has been studied extensively by Swerling and a number of other investigators 3A4.
Because scatterometers are by definition calibrated devices used in determining scattering information on an absolute scale, fading poses particular problems. The question that must be asked is: How many samples of the scattered power must be averaged before certain confidence limits can be placed on the finol average? This is often a difficult question to answer unless some a priori knowledge of the scattering properties of the target is known. This knowledge may be either theoretically derived or it may be based on data previously collected. de Loor5,6 made an attempt to characterize the fading properties of certain agricultural targets although his experiments are limited to incidence angles larger than 800.
In order to shed some experimental light on the subject of fading and in particular if a Rayleigh fading assumption is valid, it was decided to conduct an experiment to determine the fading properties of and 0' are the magnitude and phase angle of the scattered E field, respectively. Now let us assume E and to be random variables and that 0' is uniformly distributed over 27T . Consider the total E field returned from a collection of independent scatterers: Et = R e8 =E k-I Ek eig0k (4) where n is the number of scatterers illuminated, R is the magnitude of Et with phase angle 83. The illustration in Figure 3 may be helpful. From Figure 3 we can easily see that the following is true: 
( 15) which is a Rayleigh probability density function.
Next we desire to determine the distribution of the return power. This is only a matter of making an appropriate change of variables:
where W is the return power, V is the envelope voltage amplitude of the received signal and Cd is the square law detector power sensitivi ty constant. Dropping the constant Cd for convenie.nce and making the change of variables it can again be shown)6 that:
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Although eq. 17 is in reality an exponential density function it is often referred to as a Rayleigh power density function for obvious reasons.
On closer observation one will see that eq. 17 is also a chi-square density function with two degrees of freedom. The chi-square density function is defined as:
where n is the number of degrees of freedom. The meon and the variance of the chi-square distribution are given as:
Determination of the Number of Independent Samples Averaged At this point we have shown that we expect the distribution of the return power from a target consisting of a complex of discrete scatterers to be describable by a Gamma density function. We will follow this assumption throughout the remainder of this paper.
We must now determine a method from which the actual number of independent samples, N, can (29) where m is the number of measurements taken. In the case of corn, soybeans, and alfalfa, the number of measurements averaged was 140 and for bare ground 152 samples were averaged.
If we follow eqs. 27 through 29 we can determine N. (20) The results are shown in Table 2 . Figure  8 shows the mean value of cr plotted versus incidence angle for each of the four targets under discussion.
The last method of data presentation which gives a more quantitative description of the averaging process is that of plotting the data in Tables 2 and 5 on the same scale. This is done in Figures 9 through 12 . Since the histograms do have some empty spaces in them, it was felt that a smooth curve would be a better representation than actually joining the points by lines in a rather absolute manner. It should be noted that when eq. lb predicts less than one sample, the value was elevated to a value of one since less than one sample is physically unreal.
We begin by noting that Ray's model 11 is a fairly good predictor of N for soybeans and bare ground (Figures 9 and 10 ). The trend is very close to the trend of the experimental results and the absolute values of the two curves are fairly consistent with one another. This is not the cose for corn, however. The experimental curve for corn ( Figure 11 ) exhibits a sharp dip for values of 9 less than 250. This is attributed to an incorrect assumption concerning the degree to which the corn contributes to the measured return. If, for example, we assume that at small incidence angles the return is due mainly to the soil, we can understand why the curve exhibits the tendencies we see. This is to say that at small incidence angles we are "seeing" mostly the underlying soil as described earlier. At larger incidence angles, however, the corn significantly attenuates the signal while the sensitivity of a°to soil moisture decreases so that the effect of the soil is insignificant to the total return. This hypothesis is supported by two facts. First we see in Table 3 that the soil was fairly wet underneath the corn; 26 per cent moisture by weight. This fact, combined with the fact that corn is a row crop which provides less ground coverage than alfalfa tends to augment the effect the soil will have on the scattered signal. Secondly, we can see from Figure 13 the effect of increasing the incidence angle on the return from corn with wet underlying soil. These curves show the tendencies of go as a function of look angle for soils with moisture contents of 42.0%, 18.7%, and 4.5%19. The tendency for the curves to merge at angles greater than 300 indicates the signal from the soil is greatly reduced by the corn at these higher angles while at smaller angles the soil return dominates.
Looking at the experimental and theoretical curves for alfalfa ( Figure 12 ) we see another interesting result. Note thot two curves for Ray's model have been plotted. One assumes no penetration into the crop while the second assumes penetration down to the ground. At zero degrees, both curves predict the same result and they also agree with the experimental results. As the incidence angles increases, however, the curve assuming total penetration begins to deviate quite drastically from the experimental curve while the second theoretical curve tends to be comparable to the measured result .
Thus it seems that scatter from alfalfa tends to be a result of surface scatter rather thary6olume scatter. This effect had been noted earlier by Ulaby in his studies of the angular dependence of cr for different crop types.
Concluding Remarks
An experiment was performed to determine the fading characteristics of radar backscatter from agricultural targets. The assumption was made throughout the study that the distribution of the fading amplitude of radar backscatter from vegetation can be closely approximated by a Rayleigh distribution. For this assumption to be correct the target must consist of many random and independent scatterers. For naturally occurring vegetation such as a wooded area this is probably a good assumption. For agricultural vegetation, however, this may not be the case. Corn, soybeans and even bare cultivated fields are normally prepared and planted in a very orderly fashion by the farmer. The resulting geometric regularity produced may then make the validity of the Rayleihi assumption somewhat questionable. Schwarz and Caspall I have reported that row orientation can play an important role in radar return from agricultural targets. In particular the assumption may also break down for bare cultivated soil in which case a good probability of specular scatter exists at angles near nadir.
Another phenomena that should be investigated is that of signal refraction by the vegetation. This may be particularly important at angles away from nadir in which case a small amount of refraction may produce a relatively large change in the effective target extent. In addition to refraction, target penetration has been shown to play a significant role in altering effective target extent, thus affecting the fading p otcest Studies of the radar backscatter from agricultural crops "1-2 indicate that at a given angle of incidence, the dynamic range of go for various crops is often only 5 dB or less. This fact makes it necessary to employ spatial or frequency averaging techniques to obtain a large number of independent samples so that small confidence intervals can be placed around the measured a°. Increasing N from 5 to 100 will, for example, reduce 90% confidence intervals around Or from 7 4a. 6 Number of independent samples as predicted by Eq. lb compared to the number determined experimental ly Number of independent samples as predicted by Eq. lb compared to the number determined experimentally for alfalfa. 
